(With two Graphs.)
M. GREENWOOD, W. W. C. TOPLEY AND J. WILSON 485 present, 45 out of 67 specimens of serum were put up against the " 0 " antigen of Bad,, aertrycke only, so that it was possible to start at a low dilution of serum (1 in 5). The remaining 22 specimens were tested against both forms of antigen, starting at a dilution of 1 in 20. The results are given below.
Number of sera tested against " 0 " only = 45 ,, agglutinating " 0 " antigen = 9 (20 per cent.) tested against " 0 " and " H " = 22 "
agglutinating " H " alone =20 (90-9 per cent.) " 0 " = 0 " both " 0 " and " H " = 2 (9-1 per cent.) Three mice continued to be added until 21. x. 29 from which date 1 vaccinated mouse was added daily until 29. vi. 30 when immigration ceased. On 29. viii. 30 the survivors were killed. For reasons discussed in earlier papers we think that the most useful standard of comparison is the expectation of life limited to 60 days and, although the estimated standard errors of this measure are only approxi-
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Epidemiology: Experimental Study mations, and we must remember that all survivors were killed, we think that a comparison is fair. In Table III and the graphs we show the probability of dying within the next 5 days for the various categories over the first 60 days of cage life.
From the nature of the experiment a strict control in time against unimmunised mice is not possible, the comparison with the normal additions may be unfair to the latter since their experience was during the epoch when the ratio of deliberately infected animals to all exposed to risk was large. But the general run of events is unmistakable. Putting the advantage of immunisation at its highest, i.e. by admitting the comparison of immunised and normals to be valid, we see that the immunised enjoyed in respect of limited expectation of life an advantage of the order of 50 per cent., but that during the time when all immigrants had been previously immunised the specific rate of mortality was still high and the vital statistics of the community very different from those of an uninfected herd. Restriction of immigrants to immunised animals did not bring the epidemic sickness to an end. This special experiment fully confirms the conclusions drawn from our earlier work. It may also be noticed that although reduction of the daily number of immigrants was associated with a decrease of the rate of mortality, the decrease was not large.
Exp. 2. We now pass to the experiment designed to test the relative advantages of intra-peritoneal and oral administration of vaccine.
Here again the vaccine used was a killed formolised suspension of Bad. aertrycke containing both the " 0 " and the " H " antigens. The P mice (see below) received two doses of 500 x 10* bacilli; the 0 mice were given two doses of 5000 x 10 6 bacilli introduced directly into the stomach by means of a fine ureteric catheter attached to a syringe. As before, a small number of extra mice were vaccinated each week, and the results of testing their sera for agglutinins are shown below. No. positive 4 (28-6 %) 6 (300 %)
" H " + only 12 8
"O"+ only 0 0 " 0 " a n d " H " 2 0
It appears therefore that intraperitoneal vaccination produced " H " agglutinins in every mouse tested, whereas the " 0 " form was only found in about one-third of the sera. Per os inoculation, on the other hand, did not produce " H " agglutinins nearly so frequently-only 8 of 23 mice gave positive reactions, and those mostly to low titre. As regards " 0 " agglutinins there was no significant difference between the effects of oral and intraperitoneal administration.
These observations are in general accord with those of Pijper and Dau (1930) , who noted the development of "O," but not of " H " agglutinins in human subjects who had received typhoid vaccine by the mouth. Since, as •50
•40
•30
•20 It will be seen that both P and 0 mice have more favourable experiences than either N or Added Daily mice, over a considerable range of herd life. Take for instance the limited expectation at entrance (specific deaths), the difference between the P mice and the normals is 7-01 days or more than 22 per cent, of the expectation of the normals. The standard error of this difference is ± 1-57, so that it is unlikely to be a mere random fluctuation. The advantage is consistently maintained to the 40th day of cage life, although we have then reached a stage where the ratio of the difference to its standard error is much smaller than before. The difference between the P mice and the best of the normals is 6-21 days with a standard error of 3-18. At later ages the advantage of the vaccinated mice is negative or imperceptible. Throughout, the mice vaccinated per os have a smaller advantage than the mice vaccinated intraperitoneally. It will be seen, therefore, that these two experiments are fully accordant with those described in our last memoir and the conclusions therein drawn need no modification.
With regard to the other point at issue-the relative effectiveness of vaccination by the alimentary tract as compared with direct inoculation into 492 Epidemiology: Experimental Study the tissues-the results are quite clear cut, and are in accord with those of many other observers. It is obviously possible to produce a significant degree of active immunisation by administering large doses of Bact. aertrycke vaccine by the mouth, although this route would appear to be slightly less effective than the intraperitoneal. There is no evidence that the immunity induced by oral administration differs in kind from that induced by inoculation into the tissues; had the former method of administration been followed by any local immunisation of the intestinal mucosa it would have been reasonable to expect the immunity produced to be appreciably greater than that following intraperitoneal administration.
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